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Studies including ours indicate that systemic inhibition of dipeptidyl peptidase 4 (DPP4), an ubiquitously expressed peptidase, by pharmaceutical inhibitors improved atherosclerosis (1, 2) . However, the role of immune cell-derived DPP4 is not well defined in atherosclerosis. Our previous work demonstrated that DPP4 expression on monocytes/macrophages was increased in obesity and associated with the degree of insulin resistance (3) . To test if the obesity-related increase of monocyte DPP4 plays a role in vascular disease, we investigated the relationship of monocyte DPP4 expression with human aortic atherosclerosis, obesity, and lipid metabolism. A total of 14 control volunteers and 27 atherosclerotic patients without diagnosed heart, lung, or liver diseases and without prescription drugs (except ACE inhibitors and angiotensin receptor blockers) were selected from Aliskiren Effect on Aortic Plaque Progression (ALPINE), a phase 4 clinical trial (clinical trial reg. no. NCT01417104, clinicaltrials .gov). Presence of aortic atherosclerotic plaque (Fig. 1A) was confirmed by highresolution three-dimensional MRI.
Flowsight imaging flow cytometry confirmed a moderate expression of DPP4 on circulating CD11b 1 monocytes (Fig. 1B and C) . The frequency of highexpression DPP4 (DPP4 1 ) monocytes in the peripheral blood ( Fig. 2A ) and DPP4 expression level as indicated by DPP4 mean fluorescence intensity (MFI) on circulating monocytes (Fig. 2B ) were increased in patients with atherosclerosis, even after adjusting for obesity and Figure 1 -A: High-resolution three-dimensional dark-blood MRI was used to confirm the aortic atherosclerotic plaque in patients with atherosclerotic disease. Arrows indicate the thickening of the aortic wall. Scale bars, 10 mm. B and C: DPP4 expression on circulating immune cells. Peripheral blood mononuclear cells were isolated from healthy volunteers, and CD11b 1 monocyte and CD3 1 T cells were gated for the detection of DPP4 using an imaging flow cytometer. Representative scatter plots (B) and cell images (C) are shown. Scale bar, 5 mm. R1, region 1 (region with high DPP4 expression); R2, region 2 (region without DPP4 expression); R3, region 3 (region with low DPP4 expression). current prescription drug therapy (ACE inhibitors and angiotensin receptor blockers). In accordance with cellular expression, a higher level of plasma DPP4 enzymatic activity was noted in atherosclerosis (Fig. 2C) . There was also a positive correlation between the frequency of DPP4 1 monocytes and DPP4 MFI (Fig. 2D) . In addition, atherosclerotic burden was positively correlated with monocyte DPP4 expression (Fig. 2E) but not with plasma DPP4 activity (data not shown). Since obesity may upregulate DPP4 (3), we examined whether the increase of DPP4 in atherosclerosis was associated with obesity. Monocyte DPP4 expression was further increased in obese (BMI $30) atherosclerotic patients compared with nonobese (BMI ,30) patients (Fig. 2F) .
Regression analyses of monocyte DPP4 expression with metabolic parameters showed monocyte DPP4 expression was positively correlated with plasma levels of triglycerides and non-HDL cholesterol ( Fig. 2G and H) but not with fasting blood glucose or insulin levels. Given that obesity is an important correlate of abnormal cholesterol/triglyceride metabolism ( Fig. 2I and J) , lipid mediators of insulin resistance/obesity may drive DPP4 expression. Toll-like receptors (TLRs) have been suggested to mediate LDL-induced inflammatory signaling in cardiometabolic disease (4), and TLR activation by lipopolysaccharide upregulates DPP4 on monocytes and macrophages (3). Therefore, TLR pathways might be involved in the monocyte DPP4 upregulation in obesity and atherosclerosis. However, further studies are required to explore the precise mechanisms underlying obesity-induced DPP4 upregulation. Atherosclerosis is characterized by imbalanced lipid metabolism and maladaptive inflammation caused by cholesterolladen macrophage accumulation in the arterial wall. Given the importance of DPP4 in mediating both inflammation (3) and dyslipidemia (5) 
